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Introduction
Streptococcus agalactiae (Lancefield group B streptococcal, GBS), initially described by Nocarrd and Mollereau in 1887 [1] was isolated from vaginal cultures in 1935, was listed as a human pathogen for the first time in 1938 as cause of fatal puerperal fever [2] . Since the 1970s emerges as an important agent of infections in patients with underlying chronic diseases, osseous infections and endocarditis, to become the most common cause of invasive bacterial infection during the neonatal period, causing sepsis, pneumonia and meningitis [3] .
GBS is part of the human gastrointestinal tract and the female genital tract. Vaginal colonization rate in pregnant women is not equal between different geographical areas, the data world ranging from 5% to 30% [4] , communicating data in the range of 1.4% to 18.15% for Argentina [5] . Published data for Misiones, a province of Argentina, show a colonization rate of 8.6% [6] . About 50% of babies born from these women are colonized with GBS during labor and 1% develop a severe infection [5] .
The disease severity in the neonate results in a factor of neonatal morbidity and mortality and increases the costs on public and private health [7] .
With the objective of preventing morbidity and mortality of newborn, the Center for Disease Control and Prevention (CDC) publish consensus guidelines since 1996 and updating of 2010 recommends, again, two strategies with order to identify mothers colonized with GBS at the end of gestational age, and to prevent perinatal disease [8] .
These strategies consist in identify the following risk factors: previous birth with invasive GBS disease, GBS in urine during pregnancy, premature delivery (before 37 weeks gestation), intrapartum temperature equal to or greater than 38˚C, break premature membrane equal to or greater than 18 hours and carrying GBS in the genital tract of pregnant women between 35 -37 gestation weeks [9] .
The implementation of these recommendations promoted the decrease in neonatal invasive disease in regions that have been adopted.
In Argentina, the search for GBS in all pregnant women with gestational age between 35 and 37 weeks, with or without risk factors, is obligatory according to the National Law No. 26 .369 in the entire country since April 2008 [10] .
The severity of neonatal disease is largely determined by a number of virulence factors including the ones encoded by the cps gene, which encode the capsule, and genes that encode surface proteins required for host-cell bacteria [11] .
Besides of being an important virulence factor of GBS, polysaccharide capsule has a structure that allows its distinction in 10 serotypes (Ia, Ib, II, III, IV, V, VI, VII, VIII and IX), which are presented in combination with different surface proteins (antigenic) as α, β and Rib and C5a peptidase among others.
A characteristic of GBS strains is that most of the genes associated with the virulence encode proteins necessary for bacteria-host-cell interaction in the process of pathogenicity.
Surface proteins include among others a C α-and ß C, Rib, HylB, Lmb, c5a peptidase and β-hemolysin [12] .
The α-C protein encoded by the bca gene is associated with adherence to the epithelial cell and ß-C encoded by bac, to the invasion [13] . The Rib protein encoded by the rib gene is very similar to the α-C protein and it is expressed by the majority of invasive strains.
The HylB protein encoded by the gene hylB is a hyaluronidase which cleaves hyaluronic acid, the main component of the extracellular matrix, contributing to the spread of GBS [14] [15] .
Lmb protein encoded by the lmb gene mediates in the adherence to human laminin [16] . The bacterial binding to the extracellular matrix through Lmb seems important to GBS translocation through the intestinal epithelium and the blood brain barrier [17] .
The C5a peptidase encoded by the cspB gene is a protein that plays an important role in the adherence and invasion of host cells and it is involved in the proteolytic inactivation of complement factor C5a [17] .
The β-cyle hemolysin encoded by the cylE gene is a toxin that induces the cytolysis in the eukaryotic cells and promotes bacterial invasion through the epithelium and the endothelial walls, including the blood brain barrier [17] . It is associated with tissue injury and to the production of meningitis [3] [13] .
The surface proteins antigens and the genes that encode them are considered important for epidemiological characterization of the strains.
The frequency of these proteins and the genes that encode them depends to origin of the strains (colonizing or invasive), study periods, geographical, and the social and ethnic origin of the studied population [18] .
The invasion of host cells represents an important mechanism invasive GBS pathogenesis and the progression to pneumonia, sepsis and meningitis.
Recent researches show that one of the main ways of neonatal infection is rising by propagation of GBS in the amniotic fluid and the aspiration of this contaminated fluid by the fetus. After getting access to the respiratory tract, the bacteria can colonize and invade the lungs, causing pneumonia [19] .
The GBS transmigration through the epithelial border allows fast access to the bloodstream and to the circulation to other organs and tissues reaching to the meninges [20] .
Current studies have demonstrated the ability of GBS to invade human cells. However, the underlying fact of the invasion of the host cell is still poorly known [19] .
It is known a wide range of surface proteins that contribute to the pathogenesis, most of these multifunctional proteins involved in adhesion, invasion and/or evasion of the immune response [21] .
In many pathogenic bacteria, the invasion of host cells is mediated by bacterial surface proteins that recognize specific ligands in the extracellular matrix or on the surface of the host cell. There are several important interactions between the extracellular matrix of host and GBS reported and proposals for the adhesion and invasion [3] .
It has been recently identified in GBS an adhesion protein to fibrinogen, which adheres strongly to the pulmonary epithelial cells and protects the bacteria from the opsonization in the human bloodstream. It is named FbsB protein encoded by the fbsB gene [19] .
A new protein, FbsA, encoded by the fbsA gene protects the bacteria opsono-phagocytosis and promotes their adherence to epithelial cells and brain endothelium, allowing it to cross the blood brain barrier leading to meningitis [20] .
The colonization and invasion of epithelial barrier is at least, in part, related to the ability of GBS to link human fibrinogen [19] [22] [23] . The strains that cause severe invasive infections can interact strongly with this protein [24] .
The GBS capacity of binding to fibrinogen has been classically linked to the expression of two surface proteins, fbsB and fbsA [25] - [27] . The FbsA protein is likely to be sufficient to link the GBS to epithelial cells and to endothelial cells, but not enough to the cell invasion, which is a process for which is also required the FbsB protein [28] .
The study of the above virulence factors could contribute to the development of a vaccine that offers protection to the newborn. In the world there is currently no commercially available vaccine against GBS, it is only being tested in the basis of in the serotype-dependent polysaccharide conjugates [29] . The development of an effective vaccine would be the best way to prevent GBS disease [1] .
Since the observation of Lancefield in the 70s [30] , working with animal models, based on the protection conferred by the C antigen against infection by SGB, the protein surface was implicated with the capsule as generating of a protective immune response. The study of these virulence factors could be used for the generation of maternal vaccines that would prevent neonatal disease [31] [32] .
The knowledge of virulence factors involved that can be used as antigenic epitopes for the production of an effective vaccine could protect a large proportion of infants against GBS sepsis early and late onset and may also prevent stillbirths and premature births associated to infection [33] . The use of cell surface proteins of GBS in addition to the capsular polysaccharides for new vaccines represents an attractive alternative for the development of extensive independent serotype coverage and also offers new possibilities for the development of prophylactic and passive immune therapy [21] .
The intrapartum prophylaxis (PIP) with penicillin or ampicillin prevents neonatal invasive disease for GBS once detected maternal colonization [31] .
In those pregnant intolerant to penicillin, erythromycin (ERI) and clindamycin (CLI) administration are recommended.
In most cases, prophylaxis results in a significant decrease of neonatal invasive infections [34] . It has been identified two mechanisms of macrolide resistance in GBS.
The most common mechanism is the modification of the ribosomal target site by methylation and the efflux mechanism drug or active transport.
The methylation of 23S subunit of rRNA by erm (erythromycin ribosomal methylase) ermB, ermA (subclass ermTR) genes cause a conformational change in the prokaryotic ribosome and blocks binding of macrolides, lincosamides and streptogramin B to the binding site in the 50S subunit, leading it to resistence [35] .
This mechanism gives macrolides-lincosamides and streptogramin B (MLS B ) resistant. The methylases can be expressed constitutively (constitutive resistance phenotype cMLS B ) or in inducible form (inducible resistance phenotype iMLS B ) [35] .
The active efflux mechanism was described as mediated mefA and it confers resistance to macrolide lincosamide but not to streptogramin B (M phenotype) [36] [37] .
The induction has been linked with the presence of cladinose in the macrolide 14 (ERI) and 15 atoms. The macrolides 16 atoms and CLI not induce the methylase activity because they lack this sugar. The CLI sensitivity seems to be affected by the presence of an inducer, so in presence of this mechanism the strains in study must be reported as resistant so it is not clinically effective [38] .
As we noted above, the ability of GBS to generate resistance to ERI and CLI is reflected in resistance to MLS B group, which has two variables, constitutive cMLS B and inducible iMLS B resistance, both are related with expression of the erm genes. The constitutive variable presents high level of resistance to any antimicrobial MLS B group, unlike induced resistance that only has macrolide resistance to 14 atoms (ERI) and to 15 atoms (azithromycin) and in vitro sensitivity to macrolides of 16 atoms, lincosamides (CLI) and streptogramin B.
In the iMLS B strains the expression of the erm gene is induced by some compounds like the ERI, which is a powerful inductor to the iMLS B resistence, meanwhile the CLI is a weak inductor that acts slowly.
Therefore resistant strains appear iMLS B in vitro susceptibility to CLI, but when used clinically produce in vivo induction of resistance with consequent therapeutic failure.
The therapeutic failure is explained because the CLI is a weak inductor, which leads in a long term, during the treatment, induces resistance itself.
The characteristic of ERI as a potent inductor of resistance allows us to use it in test to detect iMLS B .
The double disk test (D-test), recommended by the CLSI [39] , allow the detection iMLS B mechanism as evidence of phenotypic expression, useful to presage a mutation to a constitutive resistance in vivo [40] . These mechanisms cannot be detected using conventional methods in disk diffusion neither by dilution methods or conventional plates.
Molecular studies and sensitivity to ERI and to CLI of invasive GBS strains are important for the provinces of Argentina included in this study (Cordoba and Misiones), the region and our country (there are not existing data at the moment of this presentation), no progress has been made of these characteristics that included, in particular, the study of genes directly associated with central nervous system invasion.
The aim of the present study was determine the presence of resistance genes: ermB, mefTR and mefA of virulence: bac, bca, rib, hylB, lmb, cspB, cylB, fbsA and fbsB and the sensitivity to macrolides in invasive strains GBS, contributing to knowledge of severe neonatal disease caused by this organism and the intimate bacteriahost interactions during invasion, adding prevention strategies already established by the World Health Organization and that directly involve developing countries with a view to producing an appropriate regional vaccine.
Materials and Methods

Invasive GBS Strains
Seventeen strains of GBS invasive collection of the chair of bacteriology isolated from blood cultures and cerebrospinal fluid (CSF) were studied: 11 strains obtained from Madariaga Hospital Posadas (Period 2004-2011) and 6 strains of the Maternity Hospital of Córdoba (2011-2013). The strains were preserved in 20% skim milk at −80˚C in order to preserve its original features, morphological and chemical, biochemical and genotypic.
Biochemical and Serological Characterization of Group
Conventional biochemical tests and commercial kit for latex agglutination (Phadebact Strep B Test International ETC, Bactus AB, Switzerland) were used to identify invasive strains of GBS.
GBS strains were recovered on agar plates supplemented with 5% sheep blood. Beta hemolytic colonies were subjected to the following tests: Gram stain, catalase, CAMP test, hippurate hydrolysis, PYR (pyrrolidonyl aminopeptidase) and bile esculin.
The isolates of beta hemolytic Gram-positive cocci, with tests negative for catalase, bile esculin and PYR and; test positive for hydrolysis of hippurate and CAMP and SGB group serology were confirmed as GBS.
Serotype Determination
Agglutination test Statens Serum Institut (Strep-B. Latex. Copenhagen, Denmark) containing 10 serotypes (Ia, Ib, II, III, IV, V, VI, VII, VIII and IX) were used.
Antimicrobial Susceptibility Testing
Phenotypes of resistance to macrolides-lincosamide-streptogramin B (MLS B ) with double-disk test (D-test) in
Mueller-Hinton agar (Britania, Argentina) supplemented with 5% sheep blood, were performed with ERI discs (15 mg) and CLI (2 µg) provided by laboratories Britain, Argentina, according to recommendation and interpretation of Clinical and Laboratory Standards Institute (CLSI) [39] .
The confirmation of ERI and CLI susceptibility was performed by E-test that determines the (MIC) minimum inhibitory concentration, with strips supplied by Oxoid, UK and Biomerieux, France; respectively.
The results were interpreted according to CLSI recommendations [39] . Staphylococcus aureus ATCC 25923 was used as control strain. The isolates and control strains were considered susceptible or resistant according to the cutoffs recommended by the Clinical and Laboratory Standards Institute (CLSI) [39] .
Extraction and Quality Assessment of DNA
The Prokaryotic DNA extraction was performed with a 24 h bacterial culture in liquid medium according to the protocol of Sambrook [41] amended by Cariaga Martinez and Zapata [42] . The evaluation of the quality and quantity of extracted DNA was performed by electrophoresis runs in agarose gel at 1% stained with Gel-Red ® (Biotium, Inc., US), in electrophoretic cuba (Electrophoresis Subsistem 70 Labnet International), then we proceeded to the observation of the bands in UV transilluminator (MUV Model 21-312-220).
Detection of Resistance and Virulence Genes
The primers used for the search of resistance and virulence genes are listed in Table 1 and Table 2 respectively. Both genes (virulence and resistance) were investigated by conventional PCR.
Their sequences were matched with GenBank and synthesized by Operon Molecules for Life (USA): ermB, ermTR and mefA, bac, bca, rib, hylB, lmb, and by Invitrogen (Korea): cspB, cylB, fbsA and fbsB.
PCR products were visualized on agarose gels 2% using the same equipment as for assessing quality and quantity of genomic DNA, using MP (D0017 marker DNA fragments made up of 10 double-stranded DNA molecular size of 100 to 1000 pb-INBIO, Argentina). Bands observed with MP in 2% agarose gel, electrophoresis stained with GelRed Malbrán" (National Institute of Infectious Diseases-ANLIS) were used: AZ1 Streptococcus pneumoniae: mefA and ermB genes. Streptococcus agalactiae 6394: ermTR gene. For the virulence genes (bac, bca, rib, hylB and lmb) we worked with internal positive controls obtained after sequencing by Invitrogen, Korea; PCR products and collating sequences in the BLASTn program. As a positive control fbsA and fbsB genes strain SGB43BB, the PCR product was previously sequenced by Macrogen (Korea) and the sequence obtained and published in the Bioedit 7.1 freeware was used, was checked in the BLASTn program NCBI obtaining overall sequence alignment and identity 100%. The results were statistically analyzed with the R program using Fisher's exact test to assess whether there are significant differences between strains of Misiones and Cordoba.
Results
Determination of Serotype
GBS strains of Misiones: The serotypes found in invasive strains were serotype III (72.7%), Ia (18.2%) and Ib (9.1%). GBS strains of Cordoba: serotype III (50%) and Ia (50%) were detected.
Macrolide Susceptibility Testing by Diffusion (D-Test) and MIC
GBS strains of Misiones: The 11 strains were susceptible to ERI and CLI by D-test and confirmation by CIM gave similar results with ranges from 0.003 to 0.12 µg/ml for ERI and from 0.032 to 0.094 µg/ml for CLI. GBS strains of Cordoba: Two strains belonging to the same patient and isolated from different clinical specimens (skin and blood), showed resistance phenotype cMLS B (ERI and CLI = 6 mm) confirmed by CIM (ERI and CLI = 8 µg/ml) for both strains, indicating that it is insulated with antibiotype identical.
Macrolide susceptibility of strains of Misiones is highlight; MIC results confirmed the correlation between phenotype detected by D-test and the results obtained by MIC for resistant strains of Cordoba.
Resistance Genes
GBS strains of Misiones: None of the invasive strains presented the macrolide resistance genes studied. GBS strains of Cordoba: Strains with phenotype characterized by D-test cMLS B confirmed by MIC also presented the ermB gene associated with such resistance to macrolides described as constitutive. The serotype detected for these strains was III. Figure 2 shows agarose gel 2% electrophoresis of the PCR products, resistance genes and invasive strains studied.
Virulence Genes
GBS strains of Misiones: In the 11 strains studied, virulence genes bca, rib, hylB, lmb, fbsA, fbsB and cylB were detected in 100%, bac 81.8% and scpB at 90.9%.
GBS strains of Cordoba: All studied virulence genes were detected in 100% of these 6 strains.
The results obtained by agarose gel electrophoresis 2% for the virulence genes studied by PCR are shown in Figure 3 .
The results for virulence genes found by PCR technique for invasive GBS isolates by serotype are shown in Table 3 .
The results obtained by D-test, MIC and detail of the detected phenotypes are showed in Table 4 .
Discussion
In GBS virulence an important determinant is the capsular polysaccharide, specific type, which prevents the de- position of complement factor and therefore inhibits opsonophagocytosis. Ten different capsular serotypes, Ia, Ib and II to IX, have been identified in GBS with variability in the geographical distribution [43] . The serotypes that commonly cause neonatal infections are III, Ia, and V [44] .
In agreement with other authors [44] - [46] our results indicate detection of serotype III and Ia in GBS strains isolated from infants. These results coincide with international studies that evaluating the distribution of serotypes in invasive strains of GBS which indicate at serotype III (66%) as the most common in strains isolated in infants [44] - [46] . A study performed in Spain, reported greater frequency of serotype III (43.47%) followed by serotype Ia (30.4%) [47] . Another study also revealed a high frequency of serotype III (48.9%) followed by serotypes Ia (22.9%) [48] .
Our results do not agree with other authors who found the following serotypes of GBS invasive isolates: III (50%), II (27%), V (14%) and Ia (9%) [49] . Contrary to most international studies did not detect GBS serotype V in these strains, also related to the invasive potential of SGB [44] - [49] .
The detection of GBS serotype Ib in a strain isolated from blood cultures may indicate a regional difference for Argentina. This should be considered in future studies with a larger number of isolates.
In the present work, the virulence genes investigated were presented with high frequency as expected for invasive strains and in accordance with other authors [33] [50]. We have not found similar studies involving the search for all virulence genes described in this work to isolates of perinatal infection.
The bac and scpB genes were detected more frequently in strains of Cordoba, although it is not possible to indicate whether there are statistically significant differences between the two provinces because of the small sample size. The fbsA, fbsB and cylB genes, genes directly associated with invasive procedures, were detected in 100% of the strains studied.
In this study scpB, lmb, hylB, rib, bca and bac genes were detected more frequently that in studies performed by other authors [18] [51] . This could be due to the disparity in the number and kind of worked strains (our study did not include colonizing strains isolated from pregnant women). These differences may also be due to geographical variations or temporal differences in distribution of capsular serotypes of GBS strains, as already described by different investigators [52] - [55] .
GBS adhesion to epithelial cells is a key event in the infection process that allows colonization of the epithelial surfaces [45] . Following colonization, the bacteria can eventually penetrate the epithelial barrier and spread to the bloodstream and into the deeper tissues. The adhesion is often mediated by specific interactions between proteins and extracellular matrix components and streptococcal cell wall [19] .
Recent international studies have characterized two GBS proteins, FbsA and FbsB, involved in adhesion and/or invasion of host cells, allowing bacterial binding to human fibrinogen [19] [26] . Our results agree with other authors for fbsA gene and defer for fbsB gene [28] . The observed differences could be explained by the study population. It included GBS strains isolated from pregnant women and infants, whereas our study included only invasive strains producing neonatal infection.
The FbsA protein is important for the binding of GBS to fibrinogen [19] and the role of FbsB protein is highlight in the overall process of host cell invasion giving a first idea of the underlying facts necessary for the successful establishment of infection. Some author found that the amino acid sequences of this protein is highly immunogenic and show little variation between strains [21] . This coupled with the understanding of the GBS virulence mechanisms at the molecular level, can contribute to the development of an effective vaccine against these bacteria [50] .
The study of genes encoding surface proteins is important for epidemiological analysis of the circulating strains in the province because the knowledge of the distribution and frequency, as well as the emergence of new strains in a region, is a fundamental requirement in the formulation of vaccine strategies [56] .
The conjugate vaccines have been evaluated on the basis of capsular polysaccharides from GBS serotypes of clinically relevant [43] .
The use of cell surface proteins of GBS is an alternative in addition to the capsular polysaccharides for the development of vaccines with broad coverage (independent serotype) and also offers new possibilities for the development of prophylactic and passive immune therapy [57] .
No information on similar studies at regional and national level to date was found.
From the stand point of the prevention of perinatal GBS infection, it has been implemented screening pregnant colonized between weeks 35 -37 of gestation. The usual treatment and prophylaxis of GBS infections is penicillin, but in allergic patients the alternative treatment are macrolides [58] .
In GBS are known two macrolide resistance mechanisms [59] [60] encoded by three genes: ermB, and mefA ermTR. The ermB and ermTR genes encoding a 23S rRNA methylase altering binding to the target of the antibiotic and expressed as resistance to macrolides, lincosamides and streptogramin B (MLS B ); constitutively (cMLS B ) or inducible (iMLS B ) respectively. The mefA genes encoding efflux pump expressing resistance to erythromycin but not to lincosamides and streptogramin (M phenotype).
It is noteworthy that in GBS strains studied and associated with invasive disease in neonates, full traceability was obtained in the study of the sensitivity therefore phenotypic, confirmatory and molecular methods.
Two strains of the same patient and isolated from different samples (blood and skin) presented clinical macrolide resistance phenotype through D-test and confirmed by CIM and detection of ermB gene, being 100% correlation between phenotype and genotype: cMLS B -ermB. This situation varies in other works [61] .
Our results indicate 100% sensitivity in isolates from neonates to the province of Misiones and 20% of ERI and CLI resistance in GBS strains isolated in the province of Cordoba. The resistance detected agrees with other authors [62] , which are in a study that included 150 invasive strains of GBS 22% of the genes associated with macrolide resistance.
Some authors found an increased resistance to ERI of 20.2% in 2007 to 35.3% in 2010, associated mainly to capsular serotype V and ermB genotype [63] .
Surveillance of resistance is important because in recent years it has been reported an increased resistance to macrolides [64] .
The distribution of GBS serotypes depends on the geographic region and ethnicity of the pregnant women and macrolide resistance, thereof is subject to changes in the policies of antimicrobial use in different regions.
The broadcasting of antimicrobial resistance of GBS, seems to include both the clonal spread of resistant strains as well as horizontal gene transfer, i.e., these resistance genes can move between organisms and be widely publicized, so we agree with other authors [35] in which a permanent monitoring of resistance in GBS not only to characterize phenotypically and genotypically strains but also it is necessary to know the acquisition of new resistance mechanisms.
The study of carrying implemented in pregnant at the end of their gestational age and intrapartum antimicrobial has produced significant reductions in early disease [65] . In this study, that explains the low number of strains recovered.
Conclusions
The virulence genes studied are presented with high frequency as it was expected for strains isolated from invasive infections in neonates. The bac and scpB genes were detected more frequently in the strains of Cordoba, although it is not possible to indicate whether there are statistically significant differences between the two regions due to the small sample size. Genes: fbsA, fbsB and cylB, genes directly related to invasive procedures, were detected in 100% of the strains studied.
The level of carrying virulence genes detected may suggest its inclusion as antigenic determinants in the development of a regional vaccine.
Serotypes III, Ia and Ib of GBS were detected in Misiones and III and Ia in Cordoba. Our results agree so far with data published in different world regions associating a higher frequency of serotype III to invasive neonatal disease, followed by the serotype Ia. The presence of serotype Ib may indicate a regional difference for Argentina. The serotype V in invasive strains of GBS was not detected in this study.
Epidemiological surveillance of circulating serotypes and carrying and expression of virulence genes in strains of GBS in the region it is important to contribute to the study of disease by GBS and to be incorporated into the development of a regional vaccine.
We highlight the Macrolide susceptibility in strains of Misiones and consistency in the results for D-test, MIC and PCR for the resistant phenotype (cMLS B ) strain of Cordoba. Know the profile of antimicrobial susceptibility is a good tool to have a therapeutic treatment success.
